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Abstract
The difference of τ
B
and τ
Λb
indicates the role of the light flavors. We
calculate the lifetimes of B-meson and Λb based on the weak effective
Hamiltonian while assuming the heavy baryon is constructed by a heavy
b-quark and a diquark containing two light quarks. In this scenario, we
use the information of the measured ratio τ
Λ
b
/τ
B
as input to predict
rates of the inclusive weak decays of Σ
(∗)
b and Ξ
(∗)
b into non-bottom final
states. We find that these rates of Σ
(∗)
b and Ξ
(∗)
b are much larger than
that of B-mesons and Λb. We also give the predictions for the lifetimes
of Ωb and Ω
∗
b . Phenomenological implication of our result is discussed.
PACS numbers: 14.20.Mr, 13.30.-a, 12.39.-x, 13.20.He
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I. Introduction
The present data of the lifetime ratio of B and Λb are [1]
τ(B−)
τ(Bd)
= 1.06± 0.04,
τ(Λb)
τ(Bd)
= 0.79± 0.06. (1)
Deviation of the ratios from unity manifests some important issues missing in our present
theoretical framework.
Since the new experiments on heavy flavor physics have accumulated more and more
data, we have a chance to get better insight into the physics which governs the transition
processes.
The heavy quark effective theory (HQET) has achieved great success in evaluating
physical processes of heavy hadrons. One can expect that for the processes where heavy
flavors (b and c) are involved, it is possible to establish a reasonable framework to make
more accurate calculations and predictions [2]. At least the leading contribution would
be effectively obtained in the suggested scenario. It is generally believed that the decay
processes at quark level occur via the heavy quark decays [3]. Because the estimation of
hadron lifetimes only refers to inclusive processes, where final states are only composed
of free quarks and gluons, all calculations are more reliable except the binding effects of
the initial hadron which may bring up some unfixed factors. In the heavy quark limit,
the lifetime is mainly determined by the decay rate of the heavy flavors which can be
accurately calculated in the framework of weak effective Hamiltonian. If it is true, the
lifetime of B−, Bd and Λb must be close up to some phase space kinematics, because the
leading order of the expansion with respect to inverse powers of the b-quark mass [4] is the
same for all of them. The first order correction (ΛQCD/mb)
2 can only result in very small
change. However, a discrepancy between the measured data and theoretical prediction on
τ(Λb)/τ(B) is obvious.
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As a matter of fact, the observation τ(D±) ∼ 2τ(D0) while τ(B±) ∼ τ(B0) attracts
attentions of theorists for a long time. Bigi et al. attributed the difference to the Pauli
interference ∆ΓPI at quark level [5]. Voloshin and Shifman also discussed similar effects for
charmed mesons and baryons [6]. They have noticed the significance of the non-spectator
effects. In their work, τ(Λb)/τ(B) was estimated as ∼0.9 which still deviates from the
present data [1].
Usually the light flavors are treated as spectators in the transitions, namely they do not
participate in the quark level processes. Their existence only manifests at hadronization.
Neubert and Sachrajda carefully studied these effects on the lifetime differences and other
quantities, such as Nc [7]. Obviously, the discrepancy about the ratios implies that the
light flavors should get involved in the weak transition. In most cases, the non-spectator
effects would be small, however, in some processes, they can play important roles.
As shown in most literatures, the non-spectator effects for B-meson exclusive decays
are small and we have also calculated [8] these effects in B-decays based on the well-
established weak effective Hamiltonian and found that they can only bring up at most 3
to 4 per cent of corrections.
In this work we turn to study if the non-spectator effects can more affect the lifetime of
a b-baryon. Since a b-baryon contains a heavy b-quark and two light quarks, its binding
structure and decay mechanism are not as certain as for B-meson, and we may have room
to conceive some possibilities which involve the light flavors and increase the total decay
width of b-baryons.
The diquark structure has been considered for a long time [9]. Especially because of
the extra spin symmetry, the heavy baryons can be classified by the total spin of the light
flavors, so that a diquark structure would be quite reasonable [10]. Parallel studies on the
form factors of Λb or Λc decays have also been carried out in some literatures [11].
In this work, we assume that a b-baryon is constructed by a b-quark and a diquark
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made of two light quarks. The diquark may have a total spin 0 or 1 and can be seen as scalar
or axial-vector boson-like particles of color triplet. While evaluating weak transitions, an
imposed postulation is needed that the diquark can undergo a flavor transition or spin-
change, but does not dissolve during the process [12]. In this scenario, the diquark is
somehow treated as an elementary particle. Actually, they are not point-like, but as
some authors discussed, several form factors can be used to describe the inner structure of
diquarks phenomenologically. The reactions involving light flavor diquarks were studied by
Anselmino, Kroll and Pire [12]. We are going to employ the effective vertices and concerned
parameters given in [12] to carry out the estimations of the non-spectator effects on b-
baryon lifetimes. In the calculations, by comparing the derived result of τ(Λb) with data,
we obtain a phenomenological parameter β, then with this value, we go on calculating the
weak decay rates for Σ
(∗)
b and Ξ
(∗)
b and give predictions for lifetimes of Ωb and Ω
∗
b . Since
Λb and Ω
(∗)
b can only decay via weak interaction, their lifetimes are determined by weak
decays. However, Σ
(∗)
b and Ξ
(∗)
b can decay strongly (for instance, Σb → Λb + π), their
lifetimes are mainly determined by the strong decay rates.
This paper is organized as following. After the introduction, we first briefly introduce
the diquark structure of b-baryons and the effective interaction vertices of the diquarks
given in [12], then we derive the formulae about the inclusive decay processes of B-meson
and b-baryons. In Sec.III, we present our numerical results for τ(B), τ(Λb) and make pre-
dictions on weak decay rates of Σ
(∗)
b and Ξ
(∗)
b as well as τ(Ωb) and τ(Ω
∗
b). Then the last
section is devoted to our conclusion and discussion.
II. Formulation
(i) For Bd and B
− decays we can easily evaluate the non-spectator effects in the well-
established theoretical framework. The pure b-quark decay rate for b→ cu¯s+cu¯d+ceν¯e+
4
cµ−ν¯µ + cτ
−ν¯τ has been carefully evaluated by Bagan et al [13] as
Γb = Γ(b→ cu¯s+ cu¯d) +
∑
l=e,µ,τ
Γ(b→ clν¯l), (2)
where
Γ(b→ cu¯s+ cu¯d) = (4.0± 0.4)Γ(b→ ceν¯e),
Γ(b→ cτ ν¯τ ) = 0.25Γ(b→ ceν¯e), (3)
and
Γ(b→ ceν¯e) = |Vcb|2G
2
Fm
5
b
192π3
[1− 8(mc
mb
)2
−12(mc
mb
)4 ln
m2c
m2b
+ 8(
mc
mb
)6 − (mc
mb
)8]. (4)
The quark level effective Hamiltonian for these processes has been evaluated to the
next-to-leading order QCD corrections in the SM. It is given in [14] as
Heff =
GF√
2
[Vf1bV
∗
f2q(c1O
f1f2(q) + c2O
f1f2(q))− VtbV ∗tq
∑
i=3−6
ceffi Oi(q)], (5)
where
Of1f21 (q) = f¯1αγµ(1− γ5)f2β q¯βγµ(1− γ5)bα,
Of1f22 (q) = q¯γµ(1− γ5)f2f¯1γµ(1− γ5)b,
O3,5(q) = q¯γµ(1− γ5)bq¯′γµ(1∓ γ5)q′,
O4,6(q) = q¯αγµ(1 − γ5)bβ q¯′βγµ(1∓ γ5)q′α. (6)
In eq.(5) we have neglected electroweak penguin contributions which are obviously small.
q′ is summed over u, d, s and c, q can be s or d, and fi (i = 1, 2) can be u or c, α and β are
color indices. In our later discussions we will use the Wilson coefficients evaluated in [14].
The lifetime of Bd is determined by the inclusive processes at quark level and the binding
effects are taken into account when one correctly evaluates the transition hadronic matrix
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elements of Bd → qq¯′ where q and q¯′ are free quark and antiquark. Thus the non-spectator
processes occur via the W-boson exchange (B¯0d) or annihilation (B
−) corresponding to O1
and O2 operators and the penguin-induced O3 through O6. We obtain
Γ(B¯0 → cu¯) = Nc|GF√
2
VcbV
∗
ud(c1 +
c2
Nc
)|2m2cf2B
1
4
mB(1− m
2
c
m2B
)2
1
π
,
Γ(B¯0 → sd¯) = Nc|GF√
2
VcbV
∗
cs(
ceff5
Nc
+ ceff6 )
2m2B
mb +md
|2f2B
1
4
mB
1
π
,
Γ(B− → sc¯) = Nc|GF√
2
VubV
∗
cs(
c1
Nc
+ c2)|2m2cf2B
1
4
mB(1− m
2
c
m2B
)2
1
π
,
Γ(B− → su¯) = Nc|GF√
2
VcbV
∗
cs(
ceff5
Nc
+ ceff6 )
2m2B
mb +mu
|2f2B
1
4
mB
1
π
. (7)
Then we can write the total decay width of B¯0d and B
− as
Γ(B¯0d) = Γb + Γ
B¯0
d
(non); Γ(B¯
−) = Γb + Γ
B−
(non), (8)
where Γ(non) denotes the non-spectator contribution to the total width as Γ
B¯0
(non) = Γ(B¯
0 →
cu¯) + Γ(B¯0 → sd¯), ΓB¯−(non) = Γ(B¯− → cd¯) + Γ(B¯− → su¯). Our numerical evaluation indi-
cate that such Γ(non) can only change the total width of either B¯
0 or B− by 3∼ 4% at most.
(ii) The effective Hamiltonian of weak interaction for heavy quark-diquark interaction.
Since there lacks an available effective Hamiltonian for Q-D weak interaction where
Q and D denote a heavy quark and a diquark composed of two light quarks, we have to
construct it in some reasonable way. Here we do not intend to use the Renormalization
Group Equation (RGE) to obtain a complete expression for the QD → Q′D′ 4-body
interactions, but only work at tree level.
(a) For the W-boson exchange between the heavy quark and the diquark
b+D → c+D′,
where D and D’ are scalar or vector diquarks with two light quark constituents and they
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reside in a color triplet. The effective vertex at the diquarks-W boson are [12]
VS = −iGS(q1 + q2)µWµ, for SWS′ (9)
VV = −i[G1(q1 + q2)µgαν −G2(qα2 gµν + qν1gµα)
+G3(q1 + q2)
µqν1q
α
2 ]ǫ1αǫ
∗
2νWµ for V WV
′, (10)
where S, S′ and V, V ′ stand for scalar and vector diquarks, q1, q2 are momenta of D,D
′,
ǫλ11α, ǫ
λ2
2ν for polarizations of axial vectors D,D
′, respectively. GS , G1, G2, G3 are form
factors which were determined by fitting data. For elementary vector particles G1 = G2,
G3 = 0. According to [12], in our case, the momentum transfer is small, so the G3 term
can be neglected and
GS =
gs
2
√
2
FS(Q
2), G1 = G2 =
gs
2
√
2
FV (Q
2), (11)
where
FS(Q
2) =
α¯s(Q
2)Q20
Q20 +Q
2
,
FV (Q
2) =
α¯s(Q
2)Q21
Q21 +Q
2
, λ1 = λ2 = 0,
F ′V (Q
2) =
Q22
Q22 +Q
2
FV (Q
2), otherwise. (12)
These form factors are due to the QCD interactions which bind the quarks into a boson-
like diquark. Therefore this α¯s(Q
2) corresponds to the effective non-perturbative QCD
coupling which is not running and takes a reasonable value similar to that used in the
potential model.
These transition amplitudes for b(p1)+D(q1)→ c(p2)+D′(q2) caused by the W-boson
exchange read as
T Seff =
GF√
2
(VcbV
∗
ud)c¯γµ(1− γ5)b(q1 + q2)µFS(Q2), for scalar diquarks (13)
T Veff =
GF√
2
(VcbV
∗
ud)c¯γµ(1− γ5)b[(q1 + q2)µǫ1 · ǫ∗2
−(q1 · ǫ∗2ǫµ1 + q2 · ǫ1ǫ∗µ2 )]FV (Q2), for vector diquarks. (14)
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(b) The penguin-induced effective vertices.
Now we turn to the transition b(p1) +D(q1) → s(p2) + D(q2), where a virtual gluon
bridges between the quark and diquark arms, all the formulation is similar to that for
W-boson exchange, but only the coupling DWD′ is replaced by DgD.
The vertex for b→ s+ g is given by Hou and Tseng [15] as
V aµ =
GF√
2
gs
4π2
Vts¯t
a[∆F1(q
2γµ − qµ/q)L− F2iσµνqνmbR]b, (15)
with Vt = V
∗
tsVtb, ∆F1 = F
t
1 − F c1 , F t1 ≈ 0.25, F c1 = −23 ln(m2c/M2W ) ≈ 5.3, F2 ≈ 0.2.
Thus we can ignore the F2 part, the transition amplitudes are
T Seff =
GF√
2
αs
π
Vts¯it
a
ijγµbjt
a
lm∆F1FS(Q
2)(q1 + q2)
µ, for scalar diquarks (16)
T Veff =
GF√
2
αs
π
Vts¯it
a
ijγµbjt
a
lm∆F1FV (Q
2)[(q1 + q2)
µǫ1 · ǫ∗2 − (q1 · ǫ∗2ǫµ1 + q2 · ǫ1ǫ∗µ2 )],
for vector diquarks. (17)
Using
taijt
a
lm ≡
1
2
[δimδjl − 1
Nc
δijδlm],
then eqs.(16) and (17) turn into the standard form in analog to that for mesons.
(iii) The contribution of the non-spectator effects to the decay width.
Λb can only decay via weak interaction to final states without bottom, so that the
weak decay rate determines its lifetime.
Because there is no convenient way to evaluate the hadronic matrix elements like for
mesons given in section (i), we can invoke a reasonable picture. Λb (or Σb, Σ
∗
b etc.) can
”decompose” into b-quark and a diquark D (scalar or axial vector, see next subsection),
then b(p1) and D(q1) scatter into c(p2) +D
′(q2) or s(p2) +D(q2) while p1 + q1 = p2 + q2
and (p1 + q1)
2 =M2Λb . In the scattering process both initial and final states only concern
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free quarks and diquarks, and the confinement effects are reflected in a phenomenological
parameter β in analog to the wavefunction at origin ψ(0) for the meson case. In the meson
case, it is well known that the wavefunction at origin can be related to the decay constant
f
B
as ψ(0) =
√
MB/6fB [16], an analog of wavefunction of Qq at origin ψ
Qq
Λb
for baryons
has been discussed by many authors [17]. Even though such wavefunction at origin was
employed for calculations, their values given in literatures are quite apart from each other.
Here we use the scenario of quark-diquark, they cannot annihilate into a scalar or vector
current but a fermionic one, and we keep β as a free parameter to be fixed by fitting data.
The decay width of the non-spectator scattering process can be written as
Γ(non) =
1
2MΛb
∫
d3p2
(2π)3
1
2E2
d3q2
(2π)3
1
2ω2
(2π)4δ4(p1 + q1 − p2 − q2)|T¯ |2β2, (18)
where E2 and ω2 are the energies of the produced quark and diquark respectively, and β
corresponds to the unknown parameter.
(iv) The structure of the b-baryons.
The flavor configurations of the baryons containing a b-quark and a light color triplet
subject which we identify as a diquark have been given in [10],
Λb = [(qq
′)0b]1/2, Ξ
′
b = [(qs)0b]1/2, Σb = [(qq
′)1b]1/2, Ξb = [(qs)1b]1/2,
Ωb = [(ss)1b]1/2, Σ
∗
b = [(qq
′)1b]3/2, Ξ
∗
b = [(qs)1b]3/2, Ω
∗
b = [(ss)1b]3/2, (19)
where the light quark pairs tend to constitute scalar or axial vector diquarks [9]. If one
does not distinguish the mass difference between s-quark and q(q′)(q(q′) = u, d), i.e., we
can approximately assume the light flavor SU(3) symmetry, then the weak decay rates of
Σ
(∗)
b , Ξ
(∗)
b and Ω
(∗)
b are the same.
By the heavy flavor SU(2) symmetry, we can analyze the decay modes of b-baryons in
analog to charm-baryons. Experimental data indicate that the mass difference of Ωc and Ξc
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is small andMΩc−MΞc < MK whereMK is the kaon mass, so that the strong decay mode
Ωc → Ξc +K is forbidden by the kinematic constraint. From SU(2)f symmetry, one can
trust that MΩb −MΞb < MK also holds, therefore, such decay Ωb → Ξb+K cannot occur
either. So, in principle, Ω
(∗)
b does not have a strong decay mode. Moreover, since the mass
splitting of Ωb and Ω
∗
b is so small (of the order 1/mb), the electromagnetic transition rate
between them should be negligible. Therefore, the lifetimes of Ω
(∗)
b are mainly determined
by the weak interaction. On the contrary, Σ
(∗)
b (Ξ
(∗)
b ) can decay into Λb(Ξ
′
b) + π via strong
interaction, thus their lifetimes are determined by the strong interaction.
As we concern the transitions b+D → c+D′ or b+D → s+D, the diquark keeps its
shape after the scattering, namely we only retain the two-body final states of quark and
diquark. The case of breaking the diquark or that the produced quark may interchange
with one of the light quarks inside the diquark to interfere with the amplitude without
breaking the diquark is ignored. We will come to more discussions on this issue in the last
section.
(v) The phenomenological assumption.
The previous derivations are all based on the commonly accepted physical picture
with well-established theories and principles, later we will make an assumption based
on our discussion given above. Namely, we attribute the lifetime difference between B-
meson and Λb to the light flavor involvement, in other words, the non-spectator scattering
contributions are responsible for the difference. Including contributions from these non-
spectator inclusive processes, we can write down the expression as
Rth =
Γ
(Λb)
b + Γ
(Λb)
(non)
Γ
(B)
b + Γ
(B)
(non)
= Rexp =
1
0.79
. (20)
We can obtain the phenomenological parameter β in eq.(18) from this equality.
Λb is composed of a b-quark and a scalar diquark, whereas Σ
(∗)
b , Ξ
(∗)
b , and Ω
(∗)
b are
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made of b and an axial-vector diquark, and their total spins are 1/2 and 3/2 respectively.
The parameter β corresponds to the effective wavefunction at origin in the meson case.
By SU(3) symmetry of light flavors, there can be two kinds of wavefunctions ψ(0)
for the b-baryons. They correspond to spin-0 scalar and spin-1 axial vector diquarks,
respectively. Furthermore, ψ(0) ∝ f and the coupling constant f is defined as
< 0|ηF |F >= fFuF ,
< 0|ηµF ∗ |F ∗ >=
1√
3
fF ∗u
µ
F ∗ ,
where F , F ∗ denote b-baryons with spin 1/2 and 3/2 respectively, ηF and η
µ
F ∗ are proper
baryonic currents, and uµF ∗ is the Rarita-Schwinger spinor. In the leading order of HQET,
fF = fF ∗ [18]. With these structures of the currents, if the light flavors are treated as a
mesonic object of color triplet, i.e., diquark, we can immediately have β ∝ ψ(0) which is
proportional to fF or fF ∗ . The numerical evaluations will be done in the next section.
III. Numerical results
(i) For the Λb lifetime.
Since Λb is composed of b and a scalar diquark (ud)0, the computation of Γ
(Λb)
(non) is
relatively easier.
Taking mb = 4.8 GeV, mc = 1.5 GeV, MB = 5.3 GeV, MΛb = 5.6 GeV [1], Vts ∼ Vcb ≈
0.036 ∼ 0.042, Vcs ∼ Vtb ∼ 1, and mD = 0.58 GeV, Q20 = Q21 = 3.22 GeV2, Q22 = 15 GeV2
[12] we can carry out all calculations1.
The coupling constant at vertices bgb and DgD where b and D are the b-quark and
1 In fact, there is another parameter set given in ref.[12] by fitting data, as MD = 0.7 GeV, Q
2
0 = Q
2
1 =
7.43 GeV2, Q22 = 20 GeV
2, numerically this set produces results which only slightly deviate from that
using the parameter set employed in text.
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diquark of color-triplet, is running as
αs(Q
2) =
12π
23 ln(Q2/Λ2)
, (21)
where Λ2 is determined by αs(M
2
Z)(∼ 0.12) [1]. By contraries, the α¯s(Q2) in the form
factors of eq.(12) corresponds to the non-perturbative effects of QCD, so is an effective
constant as that used in the potential model and does not need to be small. In fact, all
the form factors in eq.(12) include this α¯s, which can be incorporated into the parameter
β, namely α¯s does not show up explicitly in all expressions, as β is fixed by fitting data
of the lifetime of Λb. Thus with
τ(Λb)
τ(B)
∼ 0.79,
as input, we obtain
β = 0.42 GeV.
Since MΛb < MB +MN where MN is the mass of nucleon, it has no strong and electro-
magnetic decay channels. As discussed before, Ω
(∗)
b can only decay weakly. Thus their
lifetimes are determined by weak interaction. For Σ
(∗)
b and Ξ
(∗)
b , there are strong and
electromagnetic channels available, so mainly their lifetimes are not owing to weak inter-
actions.
According to the authors of [18, 19], fΣ∗
b
≈ fΣb but
β1
β
=
fΣb
fΛb
= 1.38 ∼ 1.8, (22)
where β1 is the β parameter for Σ
(∗)
b .
(ii) Weak decay rates of Σ
(∗)
b and Ξ
(∗)
b and lifetime of Ω
(∗)
b .
Σb and Σ
∗
b are composed of a b-quark and an axial-vector diquark, so their wavefunc-
tions are
|Σb, 1/2, 1/2 > =
√
1
3
[
√
2
3
|b, 1/2,−1/2 >i |D, 1, 1 >i
12
−
√
1
3
|b, 1/2, 1/2 >i |D, 1, 0 >i], (23)
|Σ∗b , 3/2, 3/2 > =
√
1
3
|b, 1/2, 1/2 >i |D, 1, 1 >i, (24)
where b, D refer to the b-quark and diquark of spin-1, respectively, and ”i” stands for the
color index.
To calculate the cross sections of the scattering, we use the helicity-coupling amplitude
method formulated by Chung [20], then the rest calculations are straightforward, even
though a bit tedious. Thus we obtain
ΓW (Σb)
Γ(B)
≈ 4.15 ∼ 5.02, (25)
ΓW (Σ∗b)
Γ(B)
≈ 2.87 ∼ 3.37, (26)
where ΓW denotes the weak decay width.
The reason of such large ratios is that the cross section for a scattering between a
spinor and a spin-1 object is one order larger than that between a spinor and a scalar.
If this picture is right, we can expect that the inclusive weak decay rates of Σb and
Σ∗b are 4.2 ∼ 5.0 and 2.9 ∼ 3.4 times larger than the B-meson total width. It is a strong
prediction. The same predictions hold for Ξ
(∗)
b and Ω
(∗)
b if we assume the SU(3) light flavor
symmetry. Since Ωb and Ω
∗
b decay only weakly, their lifetimes are determined by weak
decay widths. Therefore, we predict that the lifetime ratio of τ(B) and τ(Ωb) is 4.2 ∼ 5.0
and that of τ(B) and τ(Ω∗b) is 2.9 ∼ 3.4. The prediction range is due to the uncertainty
of β1.
IV. Conclusion and discussion
(1) In this work we study the discrepancy between the measured lifetime ratio of
τ(Λb)/τ(B¯
0(B−)) and the theoretical prediction based on the Standard Model and assume
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that all the lifetime difference is due to the non-spectator effects where the light flavors
get involved. The problem is how to correctly evaluate these non-spectator effects.
With the assumption of a quark-diquark structure of heavy baryons which contain a
heavy quark and a diquark, the non-spectator effects for the baryons occur via interactions
between the heavy quark and the diquark. In the case for B¯0d or B
− mesons, the non-
spectator effects are due to interactions between the heavy quark with a light antiquark,
such processes can be evaluated in terms of the well-established weak effective Hamiltonian,
all the calculation procedures are standard and have been tested, so that the results
are relatively reliable. It is observed that a color matching factor (C1 + C2/Nc) greatly
suppresses contributions of O1 and O2 for B¯
0
d , while the CKM entries also wash out their
contributions to B−. Thus the non-spectator effects caused by the W-boson exchange or
annihilation can be neglected in either of B¯0 and B− lifetime calculations. Instead, we
find that the penguin-induced operators O3 ∼ O6 can make only 3∼4% contributions to
the lifetime of both B¯0d and B
−. In total, such non-spectator effects cannot substantially
change the lifetime of B¯0d and B
−.
The baryon structure is less understood than for mesons, indeed the quark-diquark
composition is a long-proposed picture. It is believed that the two light quarks constitute
a scalar or axial-vector diquark of color-triplet, so it interacts with the heavy quark via
W-boson exchange or a gluon-exchange where a penguin-effective-vertex stands for the
transition of b→ s+ g. The interaction vertices for the quark part are perfectly described
by theories, on the contrary, the interaction forms for the diquarks are not well established
yet. Since the diquark is not a real point-like elementary particles, even though the Lorentz
structure and symmetries of the effective interaction are completely clear in analog to that
for elementary particles, one needs to introduce some phenomenological form factors to
describe the inner structure effects of the diquark.
We take the lifetime difference of Λb and B¯
0
d as input and obtain a phenomenological
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parameter β which has a physical meaning in analog to the wavefunction at origin for
meson case, namely describes the binding effects of the b-quark and the diquark.
Taking the β−value as input which is obtained by fitting R = τ(Λb)/τ(B) ∼ 0.79,
we further make predictions on R′ = ΓW (Σb)/Γ(B) and R” = Γ
W (Σ∗b)/Γ(B), and find
R′ ≈ 4.15 ∼ 5.02, R” ≈ 2.87 ∼ 3.37 respectively. Since Ωb and Ω∗b decay only weakly,
these predictions show that the lifetimes of Ωb and Ω
∗
b are about 4.2 ∼ 5.0 and 2.9 ∼ 3.4
times shorter than that of B¯0(B−).
In the derivations, we use the diquark structure of baryons which is accepted with
some uncertainties. Its validity is to be confirmed or negated by the degree of closeness of
theoretical predictions to the data. That, in fact, has been a subject of interest for quite
a long time. Our work provides a way to test the diquark structure.
Indeed, because the diquark is not a real point-like particle, phenomenological form
factors are needed. There exist several parameters in the form factors, which in principle,
should be derived from some underlying theories, for example, the relativistic BS equation
plus perturbative and non-perturbative QCD, but so far none of them has been well
understood, thus we would rather keep them as parameters to be determined by fitting
data. So we use the values of the parameters Q20, Q
2
1, Q
2
2 given in [12] in our calculations.
Since the final states of the inclusive processes only involve free quark and diquark, the
interaction forms and the transition amplitude evaluation are more reliable. However, we
neglect possibilities that the diquark in the initial state might be broken at the scattering
process, because in that the final state would be composed of three free quarks instead of
a quark-diquark state, the three-body final state integration would much suppress its rate
compared to two-body final state. We also neglect a possible situation that at the process
of b + D(ud) → s + D(ud) may interfere with b + D(ud) → u(d) + D′(sd(u)) where the
produced s-quark replaces a quark in the diquark. Since it refers to an interference with
breaking the diquark first, which needs to consume extra energies, we assume that such
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effects are small.
All these treatments and approximations may bring up certain errors which would
cause our theoretical evaluations deviate from real values of R’ and R”. The ratios will be
measured in the future. But, if the general picture is right, one has reason to believe that
the qualitative conclusion of our results that the lifetimes of Ωb,Ω
∗
b should be much shorter
than those of B¯0, B− and Λb. Our predictions will be tested in the future experiments.
(2) For observational sake, we can briefly discuss the phenomenological implication of
the results.
Indeed, the branching fractions are actually an average over b-baryon weighted by
their production rates in Z decays, branching ratios and detection coefficients. Therefore,
the measured value is an admixture of Λb, Ξb, Σb, Ωb[1]. Considering the well-accepted
mechanisms, we can assume the production rates of Λb,Σb should be larger than Ξb,Ωb
and it is an admixture of Λb and Σ
(∗)
b . Therefore the theoretical estimation on the weak
decay rates of Λb in fact is the corresponding value for the admixture.
Our numerical results show that the weak decay rates of Σ
(∗)
b is much larger than that
of Λb, so an actual τ(Λb)/τ(B) may be not so serious as stated in the literatures. The
problem for Λb is alleviated, but the non-spectator effects are still very important for the
b-baryons with spin-1 diquarks.
This mechanism will be tested in the future precise measurements. However, because
Σ
(∗)
b has strong and electromagnetic decay modes, the complexity would make precise
measurements very difficult.
First, the strong products and secondary products would contaminate the experimental
environment and it is hard to identify if the products are directly from the b-baryons.
Moreover, for example, Σb can strongly decay into Λb + π and then Λb weakly decays
into final states without bottom. It is also hard to distinguish between the products
coming directly from Σb or as secondary products from Λb. In principle, some clever cuts
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may do the job, so for example, we just measure the two-body final states which cannot
be the secondary.
Anyhow, all these measurements are rather difficult, but since the diquark structure is
very important for understanding baryons, this study becomes interesting and necessary.
Also with rapid developments of detecting techniques and sophisticated experimental fa-
cilities, such measurements in the future will be possible and the prospect is optimistic.
We wish, that in near future, the B-factory can provide accurate data for the b-baryon
decays and then we can testify the diquark mechanism.
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